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ABSTRACT 
The practice of mixing Asha clay and Ajagworo clay deposit at Ngene-Agu site in the ratio of 3:1 by 
Awgbu women for pottery business is investigated. Physical (Atterberg limits) properties, 
elemental content, compressive strength, water absorption and characterization for individual and 
mixed clays were carried out. The result obtained shows that between 700 0C and 1100 0C,  the 
compressive strength of Asha clay and Ajagworo clay derived burnt bricks did not individually meet 
the Nigeria specifications for structural development, while that of the mixed clay derived burnt 
bricks satisfied the minimum strength  requirement of 𝟐 ∙ 𝟓𝟎 𝑵/𝒎𝒎𝟐 at 1000 0C and above. The result 
also showed that the mixed clay derived burnt bricks has the least values for porosity of 𝟎 ∙ 𝟓𝟔𝟖 and 
water absorption at varying temperatures. This has proved that the practice by Awgbu women of 
mixing Asha and Ajagworo in the ratio of 3:1 raised the compressive strength to 𝟑 ∙ 𝟖𝟏 𝑵/𝒎𝒎𝟐 and 
lowered the water absorption to a minimum value of 𝟏𝟐 ∙ 𝟐 %. This work has shown that the Awgbu 
mixed clay can be used for structural development in Anambara State and Nigeria. 
 
Keywords: Awgbu mixed clay, Compressive strength, Water Absorption, Porosity and Structural development. 
 
1. INTRODUCTION 
One of the oldest and artificial building material for 
housing is the clay bricks [1], which are widely used 
because of their low cost, easy availability, good 
compressive strength, fire resistance, weather 
resistance, good sound and thermal insulation 
properties. In addition, their durability and aesthetic 
appeal contribute to its extensive application in both 
load bearing and non-load bearing structures with 
ease during construction [2]. Clays are products of 
intense chemical weathering of different rock types. 
The characteristics and properties of the resulting clay 
depend on the physiochemical factors dominating the 
environment of their formation [3].  
In some part of Nigeria, traditional housing units are 
made of locally produced burnt bricks which can be 
produced on large scale and at a very cheaper rate 
than sandcrete blocks. Pottery business is also known 
to be a source of income for the rural women where 
clay deposits exist [4 – 6]. For structural development, 
bricks are classified mainly by both the average or 
minimum compressive strength and the percentage 
water absorption [7–9]. According to this 
classification, required minimum compressive strength 
of bricks is 2.5 N/mm2, while the water absorption 
should not exceed 20 %. However, some bricks fall 
short of these specifications either because of inherent 
properties or method of production.  
Over the past fifteen years, the presence of mineral 
admixtures in construction materials has been 
observed to impart significant improvement on the 
strength, durability and workability of cementitious 
products [9 – 14]. For instance, Agbede and Joel [10] 
reported that the compressive strength and water 
absorption of burnt clay bricks attained a maximum 
value of 18.64 N/mm2 and a minimum value of 14.8 
% respectively at 2 % additive of rice husk ash (RHA) 
whose oxides of calcium and silicate improved the 
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inter particle bonding of the soil particles with better 
properties of the bricks [15]. 
In Benue State, North Central Nigeria, the floodplain 
soil deposits along the banks of major rivers and 
seasonal streams are sources of raw materials for the 
production of local burnt bricks for the construction of 
houses. This is evident from the obtained water 
absorption of 3 – 4 %, ignition loss of 31 – 36 % and 
compressive strength of between 38 – 111 N/mm2 for 
Benue clays [16]. These parameters satisfy the 
requirements specified by relevant Nigerian Standards 
for burnt bricks [17] of which the minimum 
compressive strength of bricks for a building is 2.5 
N/mm2 with dimension 277mm ⨯ 100mm ⨯ 66mm 
[18].  
The firing technique for burnt bricks requires the 
arrangement of the sun-dried bricks in tubular or 
pyramid-shaped heaps provided with several 
interconnected tunnels to allow for circulation of air 
and heat. The tunnels are then stuffed with dry wood 
which is the source of fuel and fire until the natural 
grey colour of the bricks turns red. Eighty percent 
(80%) of modern structures such as residential houses 
for family standard of three to four-bedroom bungalow 
in the state capital Makurdi have been constructed 
with these locally made burnt bricks at a cost savings 
of much as 30% as an alternative to cement blocks 
[19, 20].  
The aesthetic nature of these structures requires no 
rendering and such houses constructed in the 1950s 
still stand the test of the time. These houses are 
reported to be cooler and more comfortable compared 
to the cement block equivalent because brick is a poor 
conductor of heat. The walls of the houses are also 
fire resistant because of high temperature firing during 
production. Figures 1a and 1b shows a three bedroom 
bungalows constructed with the locally manufactured 
burnt bricks in Makurdi, one without rendering 
showing the aesthetic nature of the structure. 
Awgbu town is in Orumba North Local Government 
Area of Anambra State, South East of Nigeria is located 
at latitude 6° 07´N and longitude 7° 06´E. The town 
has two types of clay deposits at Ngene – Agu site 
called Asha (ASH) and Ajagworo (AJA).  The business 
of pottery making by Awgbu women is as old as 
Awgbu and flourished well until the late 1980s when 
lighter plastic containers took over. The method of 
preparing the clay and firing of the pots for pottery 
production is similar to the preparation and production 
of burnt clay bricks in Makurdi, however, the Ajagworo 
clay is used as an additive to Asha in the ratio of 1: 3 
by the Awgbu women. This research investigates the 
effect of Ajagworo as an additive to Asha on the 
properties of the clay at varying temperatures. The 
result will also suggest the possible use of Awgbu clays 
for massive structural development in Anambra State. 
 
2. MATERIALS AND METHODS 
2.1 Materials 
Twenty (20) kg each of Asha(ASH) and Ajagworo 
(AJA) clay sample from Awgbu town in Orumba North 
Local Government Area of Anambra State, located on 
latitude 6° 0.7 min North and longitude 7° 0.6 min in 
South East of Nigeria were dugged and collected using 
a digger and hoe respectively. 
 
 
Figure 1: Three bedroom bungalows constructed with Makurdi local burnt bricks (a) without 
rendering; (b) with rendering 
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Other materials include the ASTM sieve number 40 
(0.425 mm mesh diameter), the cast mold (150mm ⨯ 




About 8 kg each of Asha (ASH) and Ajagworo (AJA) 
clays obtained from Ngene – Agu site at the depths of 
15 cm to 30 cm. Root remains and other materials 
were removed by sieving through ASTM sieve number 
40 (0.425mm mesh diameter). About 3kg of the ASH 
clay and AJA clay mixture in the ratio 3:1 was 
obtained. The mixture of Asha and Ajagworo was 
tagged AASJ. 
Particle size distributions, Atterberg limits, linear 
shrinkages and relative densities were determined for 
ASH, AJA, and AASJ respectively according to the 
standard procedures [21, 22]. Afterwards the soils 
were separately mixed thoroughly with water to a 
uniform consistency followed by molding of the bricks 
using a cast iron mold of 150mm ⨯ 90mm ⨯ 80mm 
dimensions and subsequently compressed locally 
using the wooden plank. The molded bricks were 
extruded by loosening the mold and carefully 
removing the bricks and left to dry for 14 days before 
analysis. The chemical composition of the elemental 
contents of the three categories of the clay soils at a 
raw state and at the three firing temperatures (700oC, 
1000oC and 1100oC) were determined and measured 
from X-ray Fluorescence spectra analysis. The 
compressive strengths, cold water absorptions, bulk 
density and porosity test of the bricks were equally 
determined.   
 
2.3 Compressive Strength 
The result of the compressive test was performed with 
a maximum of 300 tones compressing testing machine 
at a progressive constant loading rate of 50 N/s. The 
load in Newton (N) at which the burnt bricks failed 
were noted and the maximum compressive strength 
(CS) for each sample of the brick was calculated using 




         𝑁/𝑚𝑚2                 (1) 
Where MLF is the maximum load at failure 
 
2.4 Water of Absorption 
The percentage of cold water adsorption test for 
Awgbu clay samples was carried out after 24 hours 
and the obtained results are being recorded. The 
adsorption of a material can be described as the 
increase in weight of a material due to moisture in the 
air. Three (3) samples of the burnt bricks with their 
considered ratios were weighed individually and 
recorded as M1, followed by immersion into the water 
for 24 hours and subsequently weighed as M2 which is 
determined by the equation 2.0   
𝑊𝑎𝑡𝑒𝑟 𝑜𝑓 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 =  
𝑀2 − 𝑀1
𝑀1
 × 100 %              (2) 
𝑀1 represents the weight of dried bricks before 
immersion while 𝑀2  is the weight of bricks after 24 
hours of immersion. 
 
2.5 Porosity Test 
The porosity test which is dependent on the bulk 
density, particle density and the porosity inclusive 
were obtained for the burnt bricks both at a raw state 
and fired state respectively. The durability of the burnt 
brick which is dependent on the bulk density (BD) has 
an influence on strength and water absorption, where 
the bulk density obtained for the bricks are given by 
the relation as: 
𝐵𝐷 =  
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑟𝑖𝑐𝑘
 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑏𝑟𝑖𝑐𝑘
   (
𝑘𝑔
𝑚3
)   (3) 
 
The porosity of the brick sample was determined by 
immersing  the bricks in a water bath maintained at 
95±5 °C and left for 24 hours after which the raw and 
fired bricks were removed in order to determine and 
record the masses of the brick samples before and 
after immersion using the equation 4.0 
𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦 =  
𝑀1 − 𝑀2
𝜌𝑉
 × 100  %                        (4) 
Where 𝑀1 weight of dried bricks before immersion, 𝑀2 
weight of bricks after 24 hours of immersion, 𝜌 is the 
density of water and the 𝑉 volume of the brick samples 
 
3. RESULTS AND DISCUSSION 
3.1 Physical Properties 
The results presented in Fig.2 represent the particle 
distributions of ASH, AJA, and AASJ respectively. The 
particle sizes distributions showed 40% clay, 25% silt, 
and 35% sand for each of the clay samples.  
 The content of sand from the particle size distribution 
for all the samples are of fine grains. The clay content 
of above 30% indicate the samples are suitable for 
clay burnt bricks [23]. However, Asha (ASH) showed 
finer clay and silt particles content than Ajagworo 
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(AJA) which can be attributed to the high amount of 
finer particle with high inter-particle packing.   
 
 
Figure 2: Particle distribution of Asha (ASH) Ajagworo (AJA) and Mixed (AASJ) clay 
 
Table 1: Physical properties of the clays 
PROPERTY 
CLAY SAMPLES 
ASH AJA AASJ 
Liquid limit (%) 50 ∙ 0 48 ∙ 0 32 ∙ 7 
Plastic limit (%) 22 ∙ 6 37 ∙ 5 13 ∙ 5 
Plasticity index (%) 27 ∙ 4 10 ∙ 5 19 ∙ 2 
Linear Shrinkage (%) 8 ∙ 6 12 ∙ 1 15 ∙ 0 
Specific gravity 2 ∙ 64 2 ∙ 25 2 ∙ 45 
 
The Atterberg’s limits of each sample which represents 
the physical properties of the samples under 
investigation are shown in Table 1.  From the values 
in Table 1, it is evident that the addition of AJA to ASH 
led to decrease in silt and clay fractions in AASJ sample 
by forming a coarser material with a larger surface 
area which requires more water. This condition still 
favours good compaction due to the high fraction of 
40 % clay and 35 % sand content with finer particles 
which is traceable to the values of the liquid limit and 
plastic limit of 32.7% and 13.5 % respectively for AASJ 
sample as a clay-sand-silty soil sample. The plasticity 
index which varied from 10.5 % to 27.4 % with AASJ 
sample at about 19 % (medium plasticity index) 
indicates particle size distribution of clay above 30 % 
with improved plasticity and densification of the soil 
[24].  
The increase in linear shrinkage from 8.6 % to 15 % 
for AASJ sample which may be troublesome can be 
attributed to the coarse texture from the addition of 
AJA into the ASH sample, however the value falls 
within the range of 4% to 25 % maximum [25] since 
the medium plasticity index value of 19 % for AASJ 
sample implies the ratio of 3:1 will help with shrinkage 
problem at low volume changes from the bricks 
manufactured using these soil [26].  The reduction in 
the specific gravity from 2.64 to 2.45 may be the 
consequence of the admixture of AJA to ASH sample 
which is connected to the effect of organic matter in 
the collected samples. However, the specific gravity 
value of 2.45 for AASJ sample is slightly lower 
compared to the normal range of 2.55 to 2.88 [27] 
may be associated with the compaction nature of the 
AASJ sample. 
 
3.2 Element Composition Analysis from XRF 
 In the XRF measurement both for the raw and fired 
samples, three predominant oxides namely Al2O3, SiO3, 
and Fe2O3 were detected as shown in Table 2. The 
effect of firing temperatures with respect to the oxides 
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from the elemental content on the three clay soil types 
was investigated.   
It was noticed that each clay sample contained 13 
oxides of elements except for AJA sample, where Na2O 
surfaced at 1000 °C and 1100° C. The three 
predominant oxides in the order SiO3 > Al2O3 > Fe2O3, 
constitute 95% of the entire content while the 
remaining ten oxides account for the remaining 5%. 
At higher temperatures, the reactions between SiO3 
and Al2O3 results in the formation of kaolin, a 
cementitious substance responsible for the strength of 
the bricks [10].  However, the percentage contents of 
Al2O3 and SiO3 were directly and inversely proportional 
to increase in firing temperature for AASJ sample. 
Report from literature confirms that MgO, CaO, Na2O, 
and K2O at fired temperatures reduce refractoriness of 
bricks, however, Silica (SiO3) also reduces 
refractoriness and crushing strengths of the bricks 
[22]. This explains the improved compressive strength 
from 2.50 N/mm2 to 3.81 N mm2⁄  of the mixed clay 
(AASJ) at higher temperatures of 1000°C and 1100°C 
due to complicated chemical reaction which forms a 
silicate of the respective oxides with very small 
progressive decrease in SiO3, MgO, CaO and Na2O in 
Table 2. 
Furthermore, variation in the colour alteration of the 
bricks are shown in Table 3. The brick samples 
respectively were fired respectively from 700°C to 
1100°C with no indication of crack, however the colour 
changed from cream to pink and finally brown with 
increase in firing temperature. These implies the 
variation of percentage content of  Fe2O3 at different 
temperature and the brown colour signified the 
oxidation of iron III (Fe2O3) into iron II (FeO4) at 
higher temperatures which induce colour changes and 
reduces fusion temperature in bricks. 
The recorded results from the compressive strength of 
the fired bricks from 700 °C, 1000 °C and finally 1100 
°C generally increased with increase in firing 
temperatures. The obtained values which varied from 
0.94 N/mm2 to 1.73 N/mm2, 0.83 N/mm2 to 2.42 
N/mm2 and 1.70 N/mm2 to 3.81 N/mm2 for ASH, AJA 
and AASJ samples respectively could be due to the 
mineral content of the soil. The resulting improved 
compressive strength of the burnt bricks may be linked 
to the chemical reaction and vitrification process when 
subjected to higher temperatures [28]. For the mixed 
clay which is the (AASJ) sample, the compressive 
strength obtained at the different firing temperatures 
were 1.70 N/mm2, 2.50 N/mm2 and 3.81 N/mm2 as 
shown in Fig.3 are within the British Standard (BS: 
1976) specification of 2.75 N/mm2 and 1.38 N/mm2 for 
bricks use for two storey buildings and non -load 
bearing walls respectively. Therefore, this range is 
within the accepted Nigerian standard for burnt bricks 
at a minimum compressive strength of 2.50 N/mm2 
[17].  
 





ASH AJA AASJ 
Raw 700°C 1000°C 1100°C Raw 700°C 1000°C 1100°C Raw 700°C 1000°C 1100°C 
Na2O 0.000 0.0000 0.000 0.000 0.0000 0.0000 0.114 0.042 0.000 0.000 0.000 0.000 
MgO 0.718 1.337 1.120 0.816 5.584 5.958 6.046 6.111 2.567 2.407 2.135 1.845 
Al2O3 18.900 28.793 25.670 24.495 16.510 17.772 18.010 19.473 24.352 23.855 24.774 26.064 
SiO3 55.416 54.670 55.440 56.608 61.609 61.980 61.325 59.798 58.860 58.170 57.441 56.333 
SO3 0.418 0.301 0.338 0.340 0.409 0.526 0.538 0.546 0.297 0.298 0.321 0.332 
Cl 0.011 0.016 0.020 0.023 0.029 0.028 0.076 0.095 0.011 0.030 0.013 0.010 
K2O 0.735 0.502 0.574 0.622 0.749 0.710 0.705 0.702 0.566 0.564 0.568 0.5470 
CaO 0.191 0.145 0.165 0.169 0.880 0.822 0.841 0.852 0.303 0.326 0.314 0.312 
TiO2 2.990 1.924 2.200 2.386 1.950 1.828 1.772 1.683 2.003 2.087 2.173 2.195 
Cr2O3 0.061 0.034 0.046 0.049 0.032 0.0269 0.031 0.033 0.029 0.032 0.033 0.033 
Mn2O3 0.057 0.035 0.039 0.041 0.269 0.309 0.252 0.239 0.106 0.113 0.125 0.132 
Fe2O3 20.455 12.221 14.359 14.365 11.926 9.996 10.251 10.479 10.884 12.097 12.063 12.096 
ZnO 0.017 0.0009 0.011 0.012 0.028 0.025 0.021 0.018 0.008 0.009 0.011 0.012 
SrO 0.031 0.013 0.016 0.014 0.026 0.019 0.019 0.019 0.013 0.011 0.017 0.020 
 
Table 3: Colour variation at different firing temperatures 
Sample Raw 700° C 1000°C 1100°C 
ASH Ash Cream Pink Brown 
AJA Grey Cream Pink Brown 
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AASJ Ash Cream Pink Brown 
 
 





































Figure 3: Effect of firing temperature on the 
compressive strength of brick samples 
 
Table 4: Coldwater absorption of   ASH, AJA, and 
AASJ at different firing temperatures 
Sample 700 °C 1000 °C 1100 °C 
ASH 20.60 18.20 17.40 
AJA 20.90 17.80 14.60 
AASJ 16.50 14.80 12.20 
 
Generally, all the brunt bricks produce from the clay 
samples showed a remarkable decrease in water 
absorption at the firing temperature of 700 °C, 1000 
°C and 1100 °C as shown in Fig. 4a. The decrease in 
water of absorption could be associated with the soil 
sample and the manufacturing process. For instance, 
during extrusion process manufactured bricks are 
denser with smaller voids hence absorbs less water. 
The obtained water absorption values reduced from 
20.60 % to 17.40 %, 20.90 % to 14.60 %, and 16.50 
% to 12.20 %, for ASH, AJA and AASJ clay burnt brick 
respectively as the firing temperature increased.  The 
cold water absorption test for Awgbu clay gave 
minimum value of 12.2% for the burnt brick from AASJ 
sample which is within the limit less than 20 % by 
weight for building with burnt bricks as the acceptable 
standard for burnt bricks production [29].  Also, the 
formation of a glassy phase which begins at about 
900°C could be attributed to decrease in pores sizes 
and water absorption of the burnt bricks [30, 31]. 
The water of absorption for the burnt bricks in Fig. 4b 
revealed that the ASSJ sample had the lowest 
percentage of water absorption summation of about 
43.5 % compared to the other samples. This validates 
the description of its plasticity index at 19 % as 
“medium  plasticity” due to the addition of AJA as an 
addictive to ASH sample which improved the drying 
strength of the AASJ clay with reduced problem of 
fabrication, drying and shrinkage of the manufactured 
brick [25,32 ] 
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Figure 4: (a) Effect of firing temperature on water absorption and (b) summation of water of 
absorption for ASH, AJA and AASJ burnt bricks at vary temperatures 
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Figure 5: Summary on bulk density, particle density and porosity (a) ASH, (b) AJA, (c) AASJ at a raw state and 
fired state of 11000 °C. 
 
For the raw state of the burnt bricks, an increase in 
bulk density was noticed from  1. 03 𝑘𝑔/𝑚3 to 
1. 26 𝑘𝑔/𝑚3 in Fig. 5(a-c). This indicates increase in 
strength and decrease water absorption upon addition 
of AJA sample as an addictive to ASH sample which 
reduces the pore size, with high inter particle packing 
of the ASSJ sample, hence an indicator desirable for 
brick quality [33, 34]. However, for the fired clay 
samples an opposite trend was observed with a slight 
decrease for AASJ sample from 1. 09 𝑘𝑔/𝑚3 to 
1. 07 𝑘𝑔/𝑚3. This may be associated with the addition 
of AJA sample whose bulk density value is constant for 
both the raw and fired state as an additive, lack of 
good compactness in the process of forming which 
may have created voids in the bricks extruded thereby 
reducing the bulk density and the thermal 
transformation into other phases when subjected to 
heating as a function of contact with impurities, 
microbes and chemicals [35]. Although the decrease 
in water absorption value which ensures a decrease in 
pore sizes indicates a good quality brick for AASJ 
sample and its possible application to structural 
development.   
The particle density for both raw and fired clay sample 
increased and decrease for ASH, AJA and AASJ sample 
respectively. The value from the raw state samples 
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increased from 2. 04 𝑘𝑔/𝑚3 to 2. 15 𝑘𝑔/𝑚3 for AASJ 
sample which may be connected to the larger pore size 
after the addition of AJA  which reduce the  finer clay 
and silt particle of the ASH sample, however the fired 
clay value decreased from 3. 59 𝑘𝑔/𝑚3 to 2. 44 𝑘𝑔/𝑚3 
. The decrease in particle density may be the presence 
of organic matter which burnt off during the firing 
process and the decrease shows a potential use of the 
fired clay bricks as light -weight building materials [36] 
The percentage porosity for the raw and fired samples 
indicated that AASJ had the lowest values of 0.414 and 
0.568 percent respectively as shown in Fig. 5(a-c). The 
decrease in porosity may be linked to the organic 
matter content which increase vitrification and 
subsequently the closure of smaller pores with 
enhanced atomic bonding between particles by solid 
state diffusion that reduced porosity within the 
microstructures [37]. This suggests that the reduction 
in porosity which is below the 0.51 and 0.58 
specification of the Institute of Science and 
Technology for ceramics and bricks respectively [2] 
enhanced and increased the compressive strength 
which minimized the intrusion of water since high 
porosity value encourages high water absorption 
which is not desirable in terms of durability and quality 
of bricks [31]. 
 
4. CONCLUSION 
This work has confirmed that bricks for building can 
be produced by mixing the Agbwu clay samples at an 
appropriate ratio. Asha clay and Ajagworo clay 
separately did not meet the minimum compressive 
strength of 2.5 N mm2⁄  of the Nigerian standard owing 
to their high porosity values of 0.58 and 0.72 
respectively. The water of absorption values for all 
samples also falls within the stipulated limit of less the 
20 % for brick production, but with the addition of an 
addictive the ASSJ samples became stabilized with a 
minimum value of 12 % with an improved compressive 
strength of 3.81 N mm2⁄ . Therefore, the practice by 
Awgbu women of mixing Asha clay and Ajagworo clay 
in the ratio 3: 1 has proved not to be a futile effort 
because this has raised the compressive strength and 
lowered the water absorption to the accepted 
standard for burnt bricks in Nigeria. This work has also 
shown that the Awgbu mixed clay can be used for 
structural development in Anambra state just like what 
is going on in Makurdi, Benue State. 
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